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Hyperbaric oxygen-induced seizure in a marine mammal, the seal. Am. J. Physiol. 222 (5) A Teflon catheter was introduced under local anesthesia via a 15-gauge needle into the extradural (intravertebral) vein, in the region between the scapulas. Blood was sampled by passing the catheter through the chamber wall to an externally mounted highpressure push-pull four-way valve. One outlet was connected to a high-pressure stainless steel syringe with a screw plunger for flushing, the other was used for sampling.
Blood Pco~, Paz, and pH analyses were performed within a few minutes of sampling, using Radiometer equipment. When high blood Pas was expected, the 02 polarographic electrode was calibrated with pure 02. Heart rate was monitored using metal electrodes glued on the skin with neoprene.
An attempt was made to rnonitor the EEG with bipolar electrodes consisting of thin needles put through the scalp in a region of scarce musculature.
It was later realized that this setting also picked up movement artifacts, so that part or all of the seizurelike activity recorded could have been due to muscle twitches in the. head area. Electrical leads were passed through the wall by means of high-pressure hydraulic connectors. The chamber was flushed with oxygen for 3 min, after which the pressure was elevated to 4.5 Ata. A constant flow of 02, calculated to keep CO, below 0.25 Yo, was maintained.
One porthole in the chamber offered a limited view of the chest area of the animal.
The experiment on the harbor seal was done at the Physiological Research Laboratory of Scripps Institution of Oceanography.
The seal was an experimental animal kept over 6 months in a seawater tank in excellent health.
The experimental procedure was much the same with the following modifications : a polyvinylchloride (PVC) catheter was substituted for the Teflon to minimize errors due to gas exchange over the length of the catheter exposed to the gas in the chamber.
(See APPENDIX.) The catheter was guided through a sleeve previously placed in the extradural vein, so as to place the tip in the higher neck region. The distal end of the catheter was connected to a threeway valve and a clamp was placed on the catheter by means of which the sampling was regulated. The catheter could be flushed by hand with the use of a small-diameter glass syringe. The chamber gas was analyzed with a 0.5-ml t Scholander analyzer to ascertain the percentage of COZ. A second porthole offered a view of the entire front portion of the animal.
The O2 breathing period prior to compression lasted 40 min. compression took 3 min.
RESULTS
Compression took 4 min and deH~@&znt seal Figure 1 depicts the time course of events superimposed on the heart rate response. Blood samples were drawn during air breathing in the chamber, at the time of first apparent abnormal activity on the traces (occurring after 10 min at pressure) and during early recovery. The onset of the breath-hold was hard to judge, but from previous experience it very likely coincided with that of the bradycardia.
Gross tremors could be seen through the porthole after 12 min at pressure. The clonic seizure which occurred on return to atmospheric pressure lasted 60 sec. After opening the chamber door, the animal appeared conscious with froth around the mouth and nostrils. Breathing was heavy, fast, and regular. complete within a few minutes.
Recovery was apparently
Heart rate and EEG traces at selected times during the experiment are shown in Fig. 2 . Harbor seal. At pressure, the seal breathed quietly for 8 min, at which time twitching in the neck area was noticed which henceforth interfered with the observation of respiratory movements.
Later, the animal seemed to be gasping in rhythm with the twitches. After 20 min at pressure, the animal emitted a series of cries, and gross body tremors were seen. The last blood sample was drawn at the end of a 45-set apneic period, based on the slowing of the heart rate. Decompression relieved all symptoms and recovery was uneventful.
The EEG trace did not show abnormal activity at any time, but severe movement artifacts could have masked such signals. The time course of events and the results of blood-and gas-sample analysis are given in Table  1 .
DISCUSSION
Blood gases. The intravertebral vein in phocid seals is a unique and complex anatomical feature. Although serving as the major drainage for the brain and spinal cord, it has numerous connections to other venous systems, and the tip of a catheter introduced blindly might result in a more mixed venous sample. In the case of the harbor seal, we believe that the blood sampled was mainly cerebral in origin with possible contribution from cervical muscle plexi. 1. Time course of events during hyperbaric 02 experiment. Heart rate throughout experiment is shown. Selected traces of heart rate and EEG at periods 1-5 are shown in Fig. 2 . Results of venous blood gas analysis on samples taken at marked times are shown in insert.
In both animals high PcoB obtained in the venous blood at the time of gross signs of toxicity.
Since comparable Pveos values are reached only after 10 min or more of a breath-holding period in these animals, this could only in part be due to the sampling coinciding with a period of apnea, and must be mainly the outcome of an additive CO2 buildup during the period of hypoventilation associated with muscle twitching.
Of more interest is the finding, in the harbor seal, that the PveoZ obtaining at the time of (2) (3) (3) (7) (7)
This paper 60 -the first-noticed toxic signs was not higher than that observed during periods of apnea when breathing air at rest. The concomitant high PoZ values prevailing in the blood leaving the brain while breathing hyperbaric 02, suggest that these periods of apnea are sufficient to elevate brain tissue CO2 levels and to increase the rate of cerebral blood flow (1, 6).
In all samples taken during oxygen breathing at high pressure, PvoZ was so high as to exclude the possibility of lung collapse occurring at the time of sampling. (The Paz of the blood sampled through the Teflon catheter at 4.5 Ata 02 could be overestimated (see APPENDIX) but not enough to invalidate the above.) SPnsitiuity to hyperbaric oxygen-induced seizures. The data for man and laboratory animals under similar conditions (2, 3, 5, 7) would show both species of seals, on the basis of this one observation, to be more vulnerable to 02 toxicity. The latent period at comparable exposures ranges from 30 to 60 min in large terrestrial mammals as seen in Table  2 . Indeed, the short latent period observed in the seals resembles that which is obtained in experiments with terrestrial mammals in which CO2 is added to the oxygen breathed prior to compression (3). Although one should not, on the basis of this one experiment, dismiss the shuntprotection hypothesis, it seems more likely that an increased vulnerability due to the cummulative enhancement. of the apneic periods is indicated.
It Big waves on heart rate trace in 2 and 3 are water movement artifacts due to rolling of ship. The ones in 5 are respiration waves. After reviewing the results of the blood gas analysis, it was suspected that POT readings were high due to oxygen diffusion into the solution through the length of the catheter exposed to the hyperbaric gas. To assess the magnitude of such possible error, the following experiment was done: a greased lo-ml glass syringe containing air equilibrated water was placed inside a pressure cylinder.
To a blunt needle attached to the syringe, a 50-cm length of catheter was attached, the other end of which was passed out through a rubber gland in the lid of the cylinder.
Another blunt needle served to connect the catheter to a three-way valve. Two milliliters of water were flushed out, after which 1 ml was drawn into a greased glass syringe and the PO:! was measured with a Radiometer electrode. 
